Abstract. We present an account of the development of supergravity in México.
INTRODUCTION
A nice account of the discovery of Supersymmetry and of its salient aspects has been recently written by Bruno Zumino [79] . Apart from his well known formulation together with Julius Wess, two groups in the former Soviet Union have also, in an independent and different form, proposed Supersymmetry. Supergravity, the supersymmetric extension of general relativity, can be seen as the gauge theory of Supersymmetry [2] and was first formulated by Daniel Freedman, Peter van Nieuwenhuizen and Sergio Ferrara [1] . Supergravity N=1 was soon extended in a consistent way to include other fields and it was then shown that it could be consistently formulated only until N=8. It was also realized that there is an interplay between the number of dimensions and Supersymmetry in only four dimensions. This was a way in which Supergravity in eleven dimensions was found. As we know today, D=11 Supergravity plays a central role in connection with the well known string formulations and is related to them through the interesting web of dualities that connect these theories. Of course, many supergravities can be obtained as the low energy limit of String Theory.
Here we make an account of the work realized in México, in which Mexican institutions appear. We refer only to work published in Journals. There are contributions that lie at the border between Supergravity and other topics, for instance Supersymmetry and Superstrings. In those cases our colleagues in charge of these other topics included some of the work sent to us and vice versa. Some of our colleagues kindly sent us a list and a description of their work. In other cases we have searched for the information, particularly in the Internet. So we apologize if we have not been able to find some of the relevant contributions. Many of our colleagues have produced scientific work together. So we have made a list of the publications and have enumerated them according with the year of appearance and then refer each of the author's contribution to the articles in the list. Finally, we want to thank the Editors for inviting us to contribute to this report, with the wonderful world of Supergravity.
Supersymmetry has attracted the attention of Mexican researchers from the beginning of the 80 [6] .
CLASSICAL SOLUTIONS OF SUPERGRAVITY
The first works on supergravity have been related to classical solutions. Such solutions have been studied in four dimensions in Refs. [3, 4] . The latter is an exact plane-wave type solution that was subsequently generalized by C.M. Hull to SUGRA in eleven dimensions and also to N=2 extended supergravity. [7] . Also solutions to Kasner type cosmological models [11] , together with colliding plane waves [9] were also found in N=1 SUGRA. In the latter case, contrary to the situation in ordinary gravity, the solution is non-singular everywhere due to the contributions of the underlying Grassmann algebra.
Further, there has been work on linearized supergravity. The usual equations in curved spate-time for massless fields with spin bigger than one possesses quite restrictive integrability conditions. However the supergravity field equations, linearized with respect to the massless 3/2-spin field, in the background of a vacuum solution of the Einstein equations, do not have this problem. In [12, 13, 14] , in the case of the O(2)-supergravity, the equations of a O(2)-doublet of a 3/2-spin field on a background solution of the EinsteinMaxwell equations are deduced. In [15, 17] , the background metrics are the ones of a neutral or charged rotating black hole, as well as a family which contains them. In [39] , these linearized equations are analyzed on a flat Minkowski background.
Later, in [26] , the author considers N=2 supergravity in five dimensions in the most general spherically symmetric space-time. In [34] , exact solutions of N=2 supergravity in five dimensions corresponding to the exterior of a cosmic string are found. In [27, 33] the Bianchi V and VI(0) models in N = 2, d = 5 supergravity are studied.
Returning to the framework of linearized supergravity and expressing the complete solution of the Rarita-Schwinger equation in terms of Debye potentials, the spin 3/2 perturbations of certain background solutions of the Einstein and Einstein-Maxwell equations have been analyzed in [30, 31, 32, 40, 41] .
FORMULATIONS OF SUPERGRAVITY
Other field of early work has been the study of formulations of supergravity, attempting to better understand its mathematical structure, in particular if it is of the type of a gauge theory.
The first order formalism of supergravity is formulated by means of the tetrads, the Ricci rotation coefficients and the gravitino field. In the second order formalism only the tetrads and the gravitino fields are considered independently. In [5] a different formulation of supergravity was given, where the basic fields in the supergravity action are the metric, the torsion and the gravitino field. So supergravity could be seen as a theory of Gravitation with torsion.
In [8] a formulation for supergravity based on supertwistor fiber bundles is given. The techniques of QFT have been applied to supergravity in [16] , where the consistency conditions for the supergravity coupling of the gravitino to a Riemann-Cartan background were obtained. The torsion needs not be zero and a particular solution of the consistency conditions allows to calculate the gravitino contribution to the axial anomaly, with the result that the torsion does not contribute, in accordance with the index theorem.
In [20] 2D supergravity is studied in a covariant and gauge independent way. The theory is obtained from 2D bosonic gravity following the square root method and the diffeomorphism superalgebra is explicitly computed.
In [24] the authors were able to show that the square root of the dynamical equations of linearized gravity are the Rarita-Schwinger equations. This is similar, but not the same, as what happens among the constraints in canonical supergravity.
In [80] the authors discuss the local Lorentz invariance in the context of N=1 supergravity. In [38] , the authors give a formulation of the chiral, i.e. (anti) self-dual gravity or N = 1 supergravity, starting from the observation that the corresponding lagrangian can be obtained from the usual one, by the addition of a boundary term corresponding to the 'translational' Chern-Simons term. In the second case they consider a spinorial representation.
It seems that the first attempt to formulate of Loop Quantum Supergravity, which extends to supergravity the corresponding procedure to quantize gravity, has been done in [35] .
Further, well known formulations of gravity and supergravity as gauge theories are due to Mac-Dowell and Mansouri. In [36] the authors were able to extend this formulation of Supergravity when the spin connection is self-dual, a particular and relevant complex form. In [78] , a superfield description of self-dual Macdowell-Mansouri supergravity is given, considering the superfield formulation of a OSp(1|4) super Yang-Mills theory. Further, its generalization to eight dimensions is discussed.
Regarding duality, a crucial property of string theory, S-duality allows us to go from a system that interacts strongly to one that interacts weakly like in electromagnetism where the charge of the monopole is the inverse of the electric charge. We were the first to propose in the literature to explore S-duality in connection with gravity and supergravity. This is the topic of [45] and in (2+1) dimensions of [55] .
Also in connection to duality, in [78] a relation between an old concept in mathematics, which arises from a subset of the axioms of a matrix, called matroid and which has interesting duality properties has been studied. The relation of this object to octonions lead the author to establish a connection with eleven dimensional supergravity and further with M-theory.
SUPERSYMMETRIC QUANTUM COSMOLOGY
One important contribution in México to quantum supergravity has been through the study of the quantization of homogeneous supergravity models, called Supersymmetric Quantum Cosmology. The first publication on the subject in the literature was [10] . Already in standard Quantum Cosmology (the "quantum mechanics" of the early Universe) attempts were made to find a square root. In a certain sense to search for something similar to the Dirac Equation. All methods were applied, in particular to cosmological models, but a general principle was lacking. The discovery by C. Teitelboim and later by S. Deser that, in the canonical formulation of Supergravity a constraint appears (a supercharge), that is the square root of the Hamiltonian, allowed us to apply this idea to Quantum Cosmology. Instead of having the Wheeler-DeWitt Equation, a kind of KleinGordon equation, one has its square root from a general principle. The corresponding wave function has now various entries that represent the degrees of freedom of the gravitation field.
These publications can be divided in three different groups according with the approach used. In the first group, that we called the matrix approach, the algebra among the gravitino field components is represented by matrices [10, 18, 19, 21, 23, 72] and [43] . In [22] and [25] , a different method is applied where the algebra between the gravitino fields components is realized through differential operators. In [37, 42, 46] and [56] , the bosonic gravitational field components of the cosmological metric are generalized to superfields, they depend then on the time and two associated Grassman variables.
In [28, 29] the Bianchi type A supergravity models are studied. In the first work it was shown that there are nontrivial physical states only when Λ = 0. In the second work, the authors consider the Jacobson formulation of N=1 canonical supergravity in terms of Ashtekar's new variables for spatially homogenous solutions of the mentioned type.
In [47, 48, 49 ] the authors consider a formulation of supergravity for cosmological models, i.e. with homogeneous metrics. These models have a finite number of degrees of freedom, and their gravity versions are described by mechanical models. Supersymmetry is introduced by means of a superfield formulation, whose bosonic limit is the classical mechanics of the homogeneous theory. These models are coupled to various configurations of matter and their quantization is studied.
COSMOLOGICAL MODELS IN SUPERGRAVITY
Another field of work is the study of supergravity inspired models with well behaved inflationary potentials. In [51] , the authors study supergravity low scale inflation, on scales in the range between supersymmetry and electroweak breaking scales. In [59] supergravity inspired models are considered, with scales lower than the electroweak scale. In [66] inflation along the angular direction of a chiral superfield is considered. In [76] a supergravity inspired two-stage inflationary model is constructed and in [70] supergravity inflation with one parameter is studied. This model gives a bounded total number of e-folds and the authors argue that this number is close to the required one for observable inflation, being also independent of the initial conditions for the inflaton.
In other works, supergravity is considered in connection to dark energy models. In [63] the dynamics of the moduli T of compactified dimensions is studied in order to see if they can generate the cosmological constant. It is shown that in general it would require fine tuning. In the works [74, 75, 77, 69] , the authors propose dark energy models based on condensates of gauge symmetries in supergravity. These models depend only on the gauge group and on their matter content. The scale of the condensates is very small, which would explain why the dark energy manifests at very low cosmological energies. These models have a natural explanation in terms of elementary particles physics and shares the best fit of the cosmological data.
AdS/CFT IN SUPERGRAVITY
In [62, 57, 58, 53, 54] , the authors consider various ansatzes of supergravity on the brane, by use of the effective action formulation and exploiting the AdS/CFT correspondence.
In [68] a new static partially twisted solution of N=4, SO(4) gauged supergravity in D=11 is obtained from the embedding of four dimensional supergravity. Further two more solutions in four dimensions are obtained, as well as an exact solution interpolating them, which are also uplifted to 11 dimensions: an asymptotic one corresponding to AdS 4 and a near horizon fixed point solution of the form AdS 2 × H 2 .
EXPERIMENTAL SEARCH OF SUPERGRAVITY
The experimental search of signatures of supergravity has been done in the frame of the collaborations D0 and HERA.
In HERA, with collaboration of G. Herrera of Cinvestav [50, 52, 60, 61, 71] , the minimal supergravity model is tested, at different center of mass energies, by the search for associated production of supersymmetric particles, or missing energy or momentum events. In this way, limits on the corresponding parameters are being set.
In D0, with collaboration of H. Castilla of Cinvestav, [64, 65, 67, 73] , using data from the Fermilab Tevatron pp Collider, at different center of mass energies, the minimal supergravity model is tested, by the search for associated production of supersymmetric particles, or missing energy or momentum events. In this way, limits on the corresponding parameters are being set.
